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detected easily in infected soybean root tissue stained with MTT. oospores per milliliter, or when MTT concentration was 0.05, 0.5, or 5%.
Additional key words: oospore germination.
To study the survival of oospores of Phyitophthora megasperma
Michigan Pithiurn monospermum Pringsheim, a hyperparasite of P. tissue and verified the vital staining property of TTC by reducing megasperma f. sp. glycinea (5), and P. ultimum Trow were isolated both viability and staining of sporangia with heat and chemical previously in our laboratory. treatments. Pathak et al (12) detected oospores of Peronospora To produce oospores, A. cochlioides and A. euteiches were manshurica in soybean seeds with TTC, and correlated the grown for 40 days in oatmeal broth (15), and P. cactorum and P. proportion of stained oospores with germination. Shetty et al (16) megasperma f. sp. gly'cinea were grown for 30 days in modified V-8 utilized TTC to locate oospores of Sclerospora graminicola on juice broth supplemented with cholesterol (2). P. aphanidermatum, pearl millet seed. Workers (18) have questioned TTC as a vital P. monospermum, and P. ulhimum were grown in clarified V-8 oospore stain for Sclerospora graminicola, because oospore juice broth for 3 wk. Clarified V-8juice was prepared by adding l0 g staining varied greatly with presoaking time, incubation time and calcium carbonate to I L of V-8 juice (Campbell Soup Co., temperature, and stain and oospore concentrations. Another Camden, NJ 08101), heating the mixture to 80 C, and then tetrazolium compound, tetrazolium bromide, was used to test for centrifuging at 13,200 g for 10 min. One hundred milliliters of the viability of oospores of Phitophthora infestans in vitro (14) , and supernatant plus 30 mg of cholesterol dissolved in 2 ml of 95% was also recommended for other Phytiophthora spp. (13). The ethanol were added to 900 ml of distilled water. chemistry of tetrazolium salts was reviewed by Altman (1). Briefly, Cultures of A. cochlioides, A. euteiches, P. cactorum, and P. the tetrazolium staining reaction occurs when the salt is reduced by megasperma f. sp. g/iycinea were frozen at -12 C for I hr to aid in a cellular dehydrogenase to form its colored formazan product separating the oospores from the mycelium. Mycelial mats of P. (4, 8) .
aphanidermatum were transferred to sterile petri dishes containing The purpose of this study was to further investigate the use of filter paper to dry and store the mats prior to oospore extraction. tetrazolium bromide as a vital stain for oospores of several fungal Oospores were dislodged from mycelia by comminution of the species, to determine optimal staining conditions for oospores, and cultures suspended in water in a Servall Omni-mixer (Ivan Sorvall, to describe the relationship of oospore staining to germination. Staining of oospores. A 0. 1% solution of 3-(4,5-dimethylthiazolwell when 0.1% MTT was prepared in filter-sterilized (Nalgene 0.45 2-yl)-2,5-diphenyl-2tl-tetrazolium bromide (MTT) (Aldrich pm nitrocellulose membrane) distilled water or 0.1 M phosphate Chemical Company, Milwaukee, WI 53233) in sterile, distilled buffer (pH 5.8). Eighty-five to 95% of the oospores of P. water was used in all viability tests. A 1:1 (v/v) mixture of MTTand megasperma f. sp. g/ycinea stained in two experiments with no a suspension of approximately 5 X 10' oospores, usually 0.5 ml of significant differences between water or phosphate buffer. each, was prepared in sterile test tubes. Preparations were However, the cytoplasm of oospores stained with MTT in buffer incubated for 48 hr at 35 ± I C except where indicated. Two appeared slightly disorganized and pulled away from the oospore replicates were prepared per treatment. Each replicate was sampled wall, whereas the cytoplasm of oospores stained with MTT in water three times, with 100 oospores counted in each sample. All was intact. Oospores stained with MTT in buffer took 24 hr longer experiments were repeated at least once. The rose-colored oospores to stain than did oospores in MTT in water. were counted and the oospores of the different species were Three different concentrations of MTT in water (0.05, 0.5, and compared for color values with color standards (3). 5%) did not affect the percentage of oospores stained in a Germination of oospores. Oospore germination of P.
suspension of 10 4 oospores per milliliter. In two experiments, 86% megasperma f. sp. glycinea was assessed on soil films (7) . One or more of the oospores of P. megasperma f. sp. glycinea were milliliter of the supernatant liquid from a 2% loam suspension was stained after 48 hr at 35 ± I C at all three concentrations. Likewise, pipetted into a 60 X 15-mm glass petri dish and swirled to cover the oospores at concentrations of 10', 104, or 105/ ml did not differ in bottom of the dish. The soil film was allowed to air-dry, and the dish the amount or rate of staining; more than 89% of the oospores of was autoclaved for I hr. One milliliter of an oospore suspension this species were stained at each of these oospore concentrations. ('-' 104 spores per milliliter) was added to the petri dish. The dish was
The relationship of germination and MTT staining of oospores. wrapped in Parafilm M (American Can Company, Greenwich, CT Once oospores of P. megasperma f. sp. g/ycinea race I were stained 06830) and incubated at 23 ± I C for 12 days. Germination of P.
with MTT, they were rendered ungerminable. Therefore, oospores aphanidermatum was evaluated by placing I ml of an oospore of P. megasperma f. sp. glycinea races I and 3, and P. suspension containing approximately 106 spores per milliliter on agar plates prepared as described by Mircetich (10) . The percentage of germinated oospores was determined after 18 hr of incubation at aphanidermatum, were stained after 8 hr (Fig. I) . Eighty-nine 0 2 8 24 48 72 percent of the oospores of P. cactorum were stained after 24 hr.
HOURS
Staining of the oospores of P. aphanidermatum remained aphanidermatum were either stained with MTT in phosphate
In a time-course study, 30-day-old oospores of P. megasperma f. buffer or separately germinated on soil film or agar plates. Oospore sp. glyvcinea race I were stored in sterile distilled water at 23 ± 2 C, germination was 32% for P. megasperma f. sp. glvcinea race 1, 54%
and either germinated on soil film plates or stained in MTT at I wk for race 3, and 56% for P. aphanidermatum, while staining of intervals for 3 wk. Oospore germination decreased from 37 to 13% oospores after 48 hr at 35 ± I C ranged from 70-73% for all three after oospores were stored in sterile distilled water at 23 ± 2 C for 3 organisms. Results were similar in two other experiments. wk (Fig. 2) . The percentage of oospores stained rose (dormant) Stages in the germination of oospores of P. megasperma f. sp.
with MTTafter 48 hrat 35 ± I C also declined with time, decreasing gl/vcinea race I could be distinguished by the addition of I ml of from 95 to 17% after 3 wk. The percentage of unstained oospores MTT to soil film plates in which oospores had been incubated for 2 (dead) increased from 3 to 60% over the same time period. wk. After 48 hr of 35 ± I C, the oospores were classified in the Activated oospores as assessed in the stained preparations following categories: rose color = dormant; blue color = activated increased in frequency from 1% to 48% after 2 wk of storage at 23 ± or germinated; black or clear= ungerminable oospores. Ninety-five 2 C, then declined to 23% after 3 wk. The number of oospores percent of P. megasperma f. sp. glycinea race I oospores stained as staining black was never greater than 1% during the 3 wk of dormant after harvest (Table 2) . After 2 wk of incubation on soil sampling. Similar results were obtained in a second experiment. film plates, the number of oospores stained as dormant declined to Staining of oospores in soybean tissue. Roots of soybean 59%, while the number of stained, activated, or germinated (cultivar Hark) plants infected by Phytophthora were incubated at oospores increased to 37%. Little change was detected in the 35 ± I C in 0.1% MTT at an approximate ratio of I g tissue:l ml number of oospores assessed as ungerminable. Similar results were stain. After 48 hr, roots were crushed on a microscope slide and obtained in a second experiment.
viewed at X150. All of the oospores of P. megasperma f. sp. The staining of oospores of P. megasperma f. sp. glycinea race I glycinea race I stained in soybean root tissue. The root cells did not autoclaved at 121 C for 15 min were compared with that of react intensively with MTT. The cell walls stained a light shade of untreated oospores. Eighty-one ± 1% of untreated oospores were purple, and oospores were easily detected in the tissue. Results were stained after 48 hr at 35 ± I C, whereas 5 ± 1% of the autoclaved repeated in other tests. oospores were stained. Autoclaved oospores that did not stain a rose color were clear and did not germinate in soil film plates.
DISCUSSION
Similar results were obtained in a second experiment.
A high percentage of oospores of P. cactorum, P. megasperma f.
sp. g/vcinea races I and 3, and P. aphanidermatum stained with MTT, while few oospores of Aphanomyces spp. and P. ultimum /., 20 a Sporangia of the oomycetes stained pink after 15 min at 23 C, and turned blue-black after I hr at this temperature or even sooner at 35 C. Perhaps overstaining of spores caused them to appear black.
CLEAR (DEAD)
Stainability could not be directly correlated with germinability A' s when oospores were stained or germinated over a 3-wk period ( 
